INTRODUCTION

0
Animals time their annual (seasonal) activities such as reproduction to the time in the However, molt frequencies varied from two to three cycles in wing primary feathers and Females in all groups also exhibited two cycles in growth and regression of the the following January (3/9 birds) or March (6/9 birds). A second cycle followed similar second year. There was no significant difference in the duration of growth-regression phase 2 6 0 (p = 0.1108, paired t-test) or in the amplitude (p = 0.3400, paired t-test) of the follicular cycle 2 6 1 between two successive years. The circannual period of ovarian cycle, the interval between 2 6 2 two successive peaks in follicular growth, was 12.4 ± 0.3mo (Fig. 5H ). Similar to males, one to three cycles in primaries and two to four cycles in body plumage ( Fig. 1 in primaries for two (8.1 ± 1.1 mo intervals), three (8.0 ± 0.5 mo intervals) and four (6.0 ± 3 0 3 0.6 mo intervals) times, respectively. The pattern also varied from partial to complete molt 3 0 4
among individuals of the group 1. In group 2, 2/7 birds were in molt at the beginning of the 6/7 birds had three molts, with second and third molts at the intervals of 7.8 ± 1.1 mo and 7.0 3 0 7 ± 1.0 mo, respectively. The remaining one individual showed molt after seven months. Group 3 0 8 3 of eleven birds had two (n = 2), three (n = 5) and four (n = 4) molt cycles. Four birds were 3 0 9 already in molt phase when the experiment began. Remaining seven individuals began first 3 1 0 molt after 3.7 ± 1.1 mo. The subsequent molt occurred after 10.5 ± 0.5 mo (n =2), 12.3 ± 3 1 1 0.41mo (n = 5) or 8.5 ± 0.6 months (n=4). molt at the beginning of experiment; one individual started molting after four (group 1), ten
(group 2) or two months (group 3). There was no significant difference among three groups were two (n = 1, 8.0 mo intervals), three (n = 2; 7.5 ± 1.0 mo intervals), four (n = 3; 7.7 ± 0.2 3 2 1 mo intervals) and five (n = 1; 6.8 ± 0.3 mo intervals) body plumage molts in group 2 on 3 2 2 24L:24D. Group 3 birds also exhibited three (n = 4; 9.4 ± 0.9 mo), four (n = 3; 7.9 ± 0.6 mo), five (n = 2; 6.4 ± 0.6 mo) and six (n = 2; 5.7 ± 0.3 mo) molts during their exposure to LL.
The intervals in body molts differed among three groups (F 2,29 = 3.944, p < 0.05, 1-way
ANOVA). The interval period in the body molt in group on 12:12D was significantly longer
than in the group on 24L:24D (LL/DD) (p <0.05, t-test), but not in the group on LL. (ii) Ovarian and molt cycles
unpaired t-test) Birds that were not in molt, initiated molt after two months (groups 1 and 2)
or 3.2 ± 0.4 mo (group 3). Also, most birds in all groups had partial body plumage molt with = 2), four (n = 2), five (n =1) and six (n = 1) times at intervals of 7.5 ± 0.5 mo, 7.7± 0.0 mo,
5.8 ±1.0 mo and 5.0 ± 0.7 mo, respectively. In group on LL also, birds molted twice (n = 2), thrice (n = 1), four (n = 1), five (n = 5), six (n = 3) and seven (n = 1) times at intervals of 8.0 3 8 7 ± 0.0 mo, 10.8 ± 0.3 mo, 9.0 ± 2.9 mo, and 5.7 ± 0.2 mo, 5.1 ± 0.2 mo and 5.0 ± 0.5 mo,
respectively. In spite of individual differences, the frequency of body molt was significantly
different among three groups (F 2,28 = 2.563, p = 0.0950, 1-way ANOVA) with a particular
difference between the groups on 12L:12D and LL (p <0.05, unpaired t-test); the latter
groups had more molts. The period of molt cycles also differed significantly in group 3 than 3 9 2 in group 1 (F 2,28 = 3.627, p = 0.0398, 1-way ANOVA) indicating that birds molted faster and at shorter intervals than other groups.
two factors (only in the first cycle) on duration of gonadal growth -regression phase (first 0.0489; factor 2-F 2,57 = 6.627) of body molts in this study. regression phase being longer than the first one. Also, plotted in Figure 6 is the distribution of wing primaries molts in different and with gonadal phases comparable to those in the control group on NDL (cf. Figs. 1-5 ).
3 9
These results are in agreement with previously reported circannual rhythm in testicular cycle,
but not in body mass, in the spotted munia (see Bhatt and Chandola, 1985) . Unlike those seasonal cycle in body mass (suppl. Fig. 4 ).
4
The present study differs from previous studies on circannual rhythm in songbirds 1985). In particular, we included both sexes in the same sex ratio (1:1), whereas the study of
Bhatt and Chandola (1985) was done only on males. Also, we simultaneously measured in volume as compared to that they had in the study of Bhatt and Chandola (1985) , in which an important factor since social crowding is known to affect reproduction at various levels, housed (Schwab and Lott, 1971; Wingfield and Farner, 1979) . Crowding extended the individuals of both male and female groups held under constant photoperiods (T=24,
12L:12D; T=48, 24L:24D) and LL (Fig. 5) . The circannual periods in testicular and ovarian 4 8 0 cycle were close to 11 mo. and 10 -13 mo, respectively (Fig. 5) . A similar repeated reported in few other bird species (Schwab, 1971; Schwab and Lott, 1971; Gwinner, 1975 Gwinner, , 4 8 4 1981 Gwinner, , 1986 Gwinner and Dittami, 1990; Cad'ee et al., 1996; Dawson, 1997; Piersma, 2002 ; torquata, which breed at similar latitudes, were exposed to same annual photoperiodic cycle, were true, it could be argued that changing daily light and dark periods in the year impose 5 3 2 opposing effects, and thereby synchronize circannual rhythms to a period of 12 mo.
3 3
Linked with gonadal phases, spotted munia exhibited distinct cycles in phenotypic
traits, as measured in molts of the wing primaries (Fig. 6) . Overall, wing primaries molts
were relatively synchronized with gonadal cycle during the first year, but were scattered
during the second year (Fig. 6) . The gonadal and molt cycles drifted apart both under LL/DD 5 3 7
and LL (Fig. 6) . Thus, the phase relationship between gonad and molt cycles in resident almost coupled for than 12 years (Gwinner, 2003) . Could it be that the timing of annual of wing primaries (see Farner et al., 1983; Donham et al., 1983) .
Cycle lengths of body plumage molts in spotted munia were highly variable as
reflected in molt frequencies during the 28 mo period (cf. Fig. 1-4 ). Overall, molt had more
individual variations than the gonad development, and of the two molts, body plumage molts
were more frequent and variable than the wing primaries molts (cf. Figs. 1-4) . Furthermore,
the molt patterns were more variable in females than in males, in LL than in other light ( Swennen, 1977; Thompson, 1999; Thompson and Kitaysky, 2004) . This seems adaptive they might employ for metabolic adjustments is by changing their body feathers.
It is suggested that annual breeding cycles in spotted munia is regulated by self-
sustained circannual components, which is not the part of the circadian timing system, since rhythmicity. This is consistent with evidence for the independence of circannual rhythm National Academy of Sciences. Washington, DC. 
